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Pierre Vanderhaeghen did his PhD on olfactory receptors in the lab of Gilbert Vassart at Université Libre de Bruxelles (ULB), Belgium. Following postdoctoral work on axon guidance in John Flanagan's lab at Harvard Medical School, he moved back to ULB to start his lab, focusing on mechanisms of cortical development. Vanderhaeghen is currently Professor and Group Leader at the VIB/ KU Leuven Centre for Brain and Disease Research, KU Leuven, and at the Institute of Interdisciplinary Research (IRIBHM), ULB, both in Belgium. His main interests are the mechanisms of development of the cerebral cortex and their links with human brain evolution and diseases. His lab pioneered the use of pluripotent stem cells to study cortical development, through in vitro systems as well as brain transplantation. His work has been recognized by several awards, including the Francqui Prize and the Roger de Spoelberch Foundation Prize.
Neuron is marking its 30th anniversary this year. Which Neuron papers have struck you as truly elegant or inspired, and why? It will sound silly, but I vividly recall the very first time I saw an issue of Neuron, as a graduate student. Throughout my thesis years, I would go every Friday afternoon to the university library (no internet yet) and check out as many journals as I found interesting. But not Neuron, because we had not subscribed to it yet. Until one Friday, when it appeared. The cover immediately attracted my attention: it depicted flame-like axons coming out of a dorsal root ganglion explant-it looked like a rising sun. The corresponding paper (Neuron 14, 949-959; May, 1995) , authored by an intimidating pack of famous and soon-to-be-famous scientists, was describing axon-repellent effects of semaphorin guidance cues on specific subsets of sensory neurons. This study, together with a flurry of other exciting papers that came out during that period, set the stage for a golden age of axon guidance research.
I was also very inspired by the work of Sally Temple and colleagues on neural fate specification (Neuron 28, 69-80; October, 2000) . Here they combined in a unique fashion in vitro clonal analyses from single cells, together with time-lapse imaging, to reconstruct entire lineage trees of cortical stem cells, revealing how they progressively change competence to generate sequentially diverse types of cells. Ten years later, we used similar strategies to show that even when derived purely in vitro from embryonic stem cells, single cortical progenitors also undergo temporal patterning, much like in vivo. Ironically, despite the fact that it can occur in minimal culture conditions and is thus in principle quite accessible to experimental dissection, the underlying mechanisms remain quite mysterious.
I could find many other examples, but perhaps what best defines Neuron papers for me is that they do not necessarily provide definitive answers about a biological problem but rather raise new questions and unconventional hypotheses, which turn out to be inspiring and influential in the long run.
What future direction in neuroscience are you most excited about? The ability to look at and manipulate the brain, at the single-cell level and with high temporal resolution, constitutes a most exciting prospect for neuroscience, whether to study neural development or function. As real-time interrogation of single cells will be applied to even the most complex model systems, all key mechanisms of neural development, from early regional patterning to finegrained patterning of synaptic connectivity, are likely to be illuminated in an entirely novel way, much like optogenetics can do for the function of neural circuits.
How would you like to see neuroscience evolve over the next 30 years? I have no idea how neuroscience will or should evolve. What is unique about the brain lies in its multiple levels of complexity: from molecules to neural cells, from circuits to mind. While we have started to understand a good deal of each of these levels, as well as some links between some of them, we are still largely missing how to tighten all levels together, in a grossly analogous way to how physics attempts to link all types of interactions in a unifying model. In this frame, a crucial missing clue would be to look at human brain function at the cellular level. We can explore the human brain at the molecular and higher-systems levels, but the Pierre Vanderhaeghen VIB/KU Leuven Centre for Brain and Disease Research and IRIBHM, Université Libre de Bruxelles neuronal level remains almost impossible to target, because it requires, for now, technologies that are simply too invasive to use in a living human brain. I have absolutely no clue how to make this possible, but it would be a most exciting milestone to reach if we ever want to understand how our brain actually works.
Which aspect of science-your field or in general-do you wish the general public knew more about? An increasingly critical aspect related to public awareness is the crucial importance of animal research. In these days, when fake news tends to dominate fact-checked information, it is absolutely critical to make all efforts to deliver to the public clear and unambiguous messages about the importance of animal research for biomedicine. Of course it has to be performed following rigorous ethical guidelines, but a major communication effort, from scientists to the public and political arena, has to be made as well if we don't want to witness a complete blockade of biomedical progress due to a minority of active lobbyists.
What is your guiding philosophy for running your lab? Your personal philosophy? Scientists are there to make discoveries. That means we should aim to explore uncharted territories as far as possible. But not necessarily faster. While science is intrinsically competitive, because you only discover things once (although this is debatable), we should still take as much time as is needed. Like archeologists on a new prehistoric site, if you go too fast you may miss crucial superficial clues, or stop short before the deepest layer that contains the gem . and often ruin the site for followers. Slow science has its merits, like slow food.
I very much like this quote from artist Carl André : ''A man climbs a mountain because it is there. A man makes a work of art because it is not there.'' I wonder, what scientific discovery is in this frame? Well, perhaps a bit of both: scientists climb a mountain because it is not there, yet.
What are the questions that inspire your lab? Among the various features previously identified to be different between human and non-human brain is developmental timing. For instance, some cortical neurons in humans can take years to develop their final patterns of neurite outgrowth and synaptogenesis. This is what underlies the classical concept of a neotenic human brain, i.e., that retains juvenile properties in an otherwise more mature body, which has been proposed to be a key feature of our brain. What is the mechanism underlying protracted neuronal development, and does it really matter for neural circuit assembly and function? As for the ''how,'' one potential clue comes from our observation that human cortical cells largely follow their species-specific developmental tempo, even when transplanted in the fast-developing mouse brain. This suggests that a significant part of the timing mechanism may be cell intrinsic. What controls this developmental clock, and how does it relate to human brain evolution and diseases? That's a question that will likely keep us busy for some time.
Do you have a favorite anecdote from doing science that you'd like to share (perhaps a key discovery moment)? Aa first-year PhD student, I was trying to purify antibodies against olfactory receptor proteins-I had ten rabbit serum samples to handle, which I decided to do all at once the same day. So I was taking care of ten purification columns in the cold room, all running at a slightly different speed; it was a nightmare, as nothing was automated, and in the end I had to wait until 6 a.m. to collect all the purified samples. Then I was too tired to go home, so I found myself a quiet spot in the dark room where we would look at DNA gels under the UV lamp. And I fell deeply asleep until very late in the morning, until people started to knock at the door wondering who was spending so much time cutting gel bands. In the end, the last antibody to be eluted was the only one to work efficiently: my precious 6 a.m. lot was worth the white night.
What has been the highlight of your career? My best moments as a scientist were at the microscope. One particularly vivid moment is when we started to transplant embryonic stem cell-derived cortical neurons in the neonatal mouse. Nicolas Gaspard, the PhD student who had done the experiment, was examining the first brain sections under the microscope, looking at the GFP labeling that would sign the presence of transplanted neurons and their processes. Nicolas was usually very energetic and optimistic, but there he seemed to be discouraged: ''I see GFP-positive cell bodies, but no axons,'' he said. I sat down to take a look at the sections, to realize that the magnification used was simply too low to detect axonal processes. So I dived with a higher-magnification objective . and it was all there: beautiful GFP-labeled axons pathfinding and arborizing in the host brain. This was just a pilot experiment, but it had worked beyond our most optimistic predictions. Since then, this transplantation paradigm has become a major tool in the lab. And I always enjoy looking at new data at the microscope, including ''negative'' results.
Who were your key early influences? My PhD advisor Gilbert Vassart: he taught me what science was really about. We still meet regularly, and although we have not worked together in a long time, we are still bound by the complicity of sharing similar scientific excitement and doubts. My postdoctoral advisor was John Flanagan: very early on he put a lot of trust in me, and that greatly helped me to acquire independence; he also taught me a lot about the delicate art of writing a scientific paper.
What motivated you to become a scientist? My father had a major influence: he was a neuroscientist. One day he brought home a formalin-fixed human brainone of those destined to medical students-and dissected it with me in the kitchen. But it was not so much hearing him talk about science that influenced me, but most importantly how he appeared to be so totally passionate about his research.
What do you think are the biggest problems science as a whole is facing today? A huge challenge is to cope with the amount of new information. Whether from big-data or small-scale papers, it has become impossible to follow everything in real time and with sufficient depth. So much information kills knowledge without the right tools to apprehend it. This is why we are tempted to focus on specific topics and sources, which is clearly dangerous, as it biases our vision in a way that we do not fully control. Some of the answers and solutions may come from more appropriate tools of data gathering and screening (less biased than Google, for instance)-but in the end it is up to individual scientists to ask themselves: Do we really get the information that we need and that we want? And if not, how do we change this? Related to this topic is (the lack of) public access to scientific information, which remains a crucial unsolved issue in biomedical science.
What is your view on the role of science in society?
The biggest societal role for science remains to generate and disseminate knowledge.
I am always struck by how much almost everyone is potentially interested in science: curiosity is a strong human trait, not just a peculiar nerdy phenotype. Following public lectures, people with little scientific education can ask very basic questions with the same enthusiasm than they would wonder about brain diseases. Too often, scientists tend to underestimate this and feel compelled to present science under the spectrum of technological advances or diseases, in the hope of ''pleasing'' the public. Sure, we all want brain diseases to be cured, and wish to contribute to this endeavor in a meaningful way, but non-scientists in their vast majority also wonder about basic questions. It is up to us, then, to share our knowledge as much as we can, and create and seize opportunities to relay our fascination for the known beauties and remaining mysteries of nature. This is not to say that translational approaches are not important, but they so often come as a byproduct of scientific curiosity that it is important, and fair, to acknowledge this. I think this is the only sustainable way to convince everyone of the absolute necessity of basic science. Politically, to defend the outmost importance of knowledge goes well beyond the defense of scientific funding: it is also about promoting accessible top-quality school systems. There is no point in generating knowledge with research if it cannot be shared with the largest number in the classrooms.
What advice do you find yourself giving to your students and postdocs? You should only work on a topic and project that you find really exciting. And focus on the data as raw as they can be interpretable, as both discoveries and artifacts are hidden in the crude details of experimental results. But while focus is key, it is also crucial to remain open minded. Hence my other advice is to read and hear about every scientific topic available: it is far more inspiring to browse through a table of contents, or attend a talk on a completely unfamiliar topic, than to perform systematic searches with defined keywords.
What do you do when you're not in the lab? To spend time with my loved ones is my main and favorite activity. Music is another passion: I sing in a band with a couple of good friends; we play mostly covers of the 1990s . our gigs rock! What career paths did you consider other than scientist? I was-still am-fascinated by history and archeology, reconstructing big pictures from detailed scrutiny of seemingly insignificant details-not so far from what I am doing now after all.
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